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 Introduction 

 In the last 20 years three new tools have started to be 
applied in biomedical research and in clinical practice: 
molecular biology, nanotechnology, and information 
technology (IT). Allergology, with its peculiarity of being 
linked to environmental organism products causing al-
lergic diseases, is on the way to defi ne its own applications 
of these new tools. Molecular biology and all the biochem-
ical and immunochemical techniques have enabled the 
identifi cation of a number of structures leading to increas-
ing knowledge on allergens  [1–4] . The time trend of these 
historical changes, summarized by Harwanegg et al.  [5] , 
is also depicted in  fi gure 1 , where the cumulative number 
of allergens identifi ed during the last 40 years is reported. 
The application of nanotechnology in allergology is in its 
early infancy. In relation to IgE sensitizing/triggering 
compounds, it is also used in the creation of proteomic 
microarrays. They have been based on classical allergen-
ic extracts  [6–11] , but more recently native and recombi-
nant purifi ed allergens have been successfully tested  [5, 
12–16]  and are going to defi nitely replace extracts. The 
use of microarrays in allergy is expected to change the ap-
proach to epidemiology and diagnosis of IgE-mediated 
diseases  [5] . Nanotechnology is essentially a high-through-
put technology, and the products of the combined use of 
allergenic molecules produced by means of molecular bi-
ology techniques and microarrays require management 
and interpretation. In parallel, IT, the third new tool 
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  Abstract 
 Information technology (IT) is leading us to reconsider 
some of the approaches we have been using in both ba-
sic research and clinical work in allergology. Resources 
mainly coming from the advent of the Internet are further 
amplifi ed by the parallel development of other new tools, 
such as molecular biology and nanotechnology. These 
three powerful tools are now available and are cross-
linked to a certain degree to express their power when 
applied to biomedical fi elds. Bioinformatics applied to 
allergy simplifi es our way of handling an increasing 
wealth of knowledge. This review assesses the current 
status of allergen databases that are mainly dedicated to 
sequence homology collection for computational pur-
poses. Whether or not they integrate features that are 
now typical of IT in other biomedical fi elds is analyzed 
as well. The results of these analyses are discussed with 
a view to the critical need of integrating biochemical data 
with clinical, epidemiological information and how this 
goal can be reached by the use of proteomic microarrays 
for IgE detection. Future directions for a more compre-
hensive use of allergen databases are proposed. 
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mainly supported by the Internet, has allowed us to cre-
ate online databases that can be easily accessed world-
wide. In the last two decades, several research groups and 
institutions have started to collect information and data 
from available sources in order to create databases of sci-
entifi c knowledge. For instance, a growing list of molecu-
lar biology databases is reported every year  [17] . A ge-
neric database is defi ned as being capable of acquiring, 
storing, visualizing, analyzing and interpreting data ( fi g. 
2 ). These steps are applicable to information and data 
processing in any biomedical fi eld. The present paper will 
review the state of the art of allergy databases available 

on the Internet, and how they integrate in their structure 
one or more aspects of a generic database. The review will 
fi rst focus on allergen sequence databases as they are the 
more numerous, and then explore the potential applica-
tion of IT in allergology – mainly literature mining and 
data mining ( fi g. 2 ). Web sites considered in the present 
review deal with protein antigens recognized by human 
IgE. Only free access noncommercial resources have been 
reviewed.  Table 1  reports comparative features of these 
online resources as they are on the web or described in 
scientifi c journals  [18–22] . 

   Allergen Lists, Sequence Databases and 
Computational Tools 

 Information on allergenic sources, namely organisms 
inducing IgE-mediated diseases, historically date back to 
the beginning of the last century. Compared with those 
available for allergen molecules they are far more exten-
sive. Nevertheless, historically comprehensive lists or da-
tabases of allergenic sources are not available online yet. 
The Allergome database for all allergens, and the Inform 
All database for food allergens are trying to defi ne a list 
of organisms inducing allergies on the basis of the pub-
lished literature. Although it may seem outdated to clas-
sify organisms capable of inducing allergic reactions rath-
er than their molecular structures, the still expanding 
knowledge on allergenic sources is a continuous challenge 
for achieving the most comprehensive list of allergen mol-
ecules. It is also important to keep in mind that the emer-
gence of allergy as a problem in developing countries and 
the globalization in terms of mobility of people and goods 
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  Fig. 1.  Identifi cation of new allergens during the last 40 years. The 
black line shows the cumulative number of allergens (left Y axis). 
The grey area is the year by year number of identifi ed allergens 
(right Y axis). Data are extracted from the Allergome database 
(www.allergome.org). 

  Fig. 2.  Main fi elds and future interests in 
allergy database development, and their in-
terrelated feeding. 
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create new allergenic sources  [23–25]  and new routes of 
exposure  [26] . Thus, a reliable database resource for al-
lergenic organisms should be established as well. For each 
organism, the molecular perspective should enable us to 
defi ne whether we are dealing with either a new allergen 
 [27]  or with a different source containing a formerly 
known allergenic structure  [28] . This classifi cation pro-
cess based on molecular allergens would also lead to re-
consider several well-known allergenic organisms (i.e. 
grass species) as part of a unique cluster of immune reac-
tivity, having IgE corecognized structures  [4, 29] . 

 The fi rst list of allergens available from the web was 
released by the IUIS subcommittee for allergen nomen-
clature in 1996, as a downloadable fi le from an ftp server 

 [30] . Later on, this list was transformed into the IUIS of-
fi cial nomenclature web site in which submitted allergen 
sequences are named according to offi cial criteria fi rst 
defi ned in 1986  [31] , and revised in 1995  [2, 32] . The of-
fi cial list is currently updated two to four times per year 
and contains elements for allergen and author identifi ca-
tion. The activities of the IUIS subcommittee and their 
web product play a crucial role for the scientifi c commu-
nity, as they should avoid arbitrary assignment of the 
same allergen name by different authors. The same work 
is carried out for similar aspects within the immune sys-
tems, for the associated CD nomenclature that is com-
monly used when referring to leukocyte surface molecules 
and antibodies against them. It provides an essential clas-

Table 1. Main features of Internet-available resources on allergens

Web site URL Data Source Aller-
gen
sources

Allergen
mole-
cules

Allergen
sequence
database

Compu-
tational
tools

Bio-
chemistry
molecular
biology

Clinical/ 
epidemio-
logical
data

Internal
search
engine

Internal
data
cross-
linking

User
alert

Ref. Last update

Offi cial allergen
nomenclature
of WHO-IUIS1

www.allergen.org submission no all no no + no no no no + Jun 02, 2005

Allergen
Database
(ADB)

http://allergen.csl.gov.
uk//index.htm

sequence
databases

no all external
links

no + no yes no no + given for 
each
allergen

Allergen Online
(FARRP)

www.allergenonline.com sequence
databases

no all yes & ext.
links

yes &
external

++ no yes no yes no Oct 1, 2004

Allergome www.allergome.org/ literature &
sequence
databases

all all external
links

no +++ yes yes yes yes +++ Jul 17, 2005 
& given for 
each allergen

AllerMatch www.allermatch.org/ sequence
databases

no all yes & ext.
links

yes ++ no no no no no Dec 10, 
2004

AllerPredict http://sdmc.i2r.a-star.
edu.sg/Templar/DB/
Allergen/

sequence
databases

no all yes & ext.
links

yes &
external

+ no yes yes no + given for 
each
allergen

Bioinformatics 
for Food Safety 
(BIFS)

http://www.iit.edu/
�sgendel/fa.htm

sequence
databases

no all external
links

no no no no no no + not given

InformAll 
(Protall)

http://foodallergens.ifr.
ac.uk/

literature &
sequence
databases

food food external
links

no +++ yes yes no no +++ given for 
each
allergen

Structural 
Database of 
Allergen Proteins
(SDAP)

http://fermi.utmb.edu/
SDAP/sdap_src.html

sequence
databases

no all yes & ext.
links

yes &
external

+++ no yes no yes no given for 
each
allergen

WebAllergen http://weballergen.bii.
a-star.edu.sg/

sequence
databases

no all yes yes no no no no no no not given

+, ++, +++ = Arbitrary grading of the supported computational tools, and other supplied information.
1 Offi cial web site of the WHO/IUIS allergen nomenclature subcommittee.
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sifi cation for diagnostic and therapeutic purposes  [33] . 
For the same reason, the IUIS web site for allergen no-
menclature should be considered essential by the interna-
tional scientifi c community. It is expected that the main 
limitation of the IUIS list due to incomplete listing of 
 described allergens, mainly due to nonsubmission by au-
thors, could be overcome by defi ning different strategies 
of data collection for the future. This should also include 
the defi nition of a molecule as an allergen by updating the 
current criteria  [32]  and including several new parame-
ters. It would enable to grade the allergenicity of novel 
and established allergens. The dynamic nature of IT could 
help in this respect. 

 The Bioinformatics for Food Safety database (BIFS), 
released in 1998, was the fi rst to attempt to list allergens 
and create a database for computational purposes  [18] . 
At the moment, the BIFS web site lists food and nonfood 
allergens whose sequences are available from linked ex-
ternal databases. Many allergen isoforms and variants are 
listed, but, if compared with the IUIS web list (as of June 
2005), it seems not to be updated in terms of both listing 
of unique allergens and their nomenclature. The last up-
date is not given. Furthermore, no original or shared com-
putational tools are provided within the BIFS web site. 

 The Allergen Database (ADB) has been set up in 2000 
and contains information regarding allergen identifi ca-
tion. Links to protein sequence databases are available in 
allergen monographs. For some allergens they include ep-
itope sequences. Compared with the last release of the 
IUIS web list, the ADB seems not to be updated in terms 
of listed allergens and their nomenclature. The update is 
given for each available allergen. No computational tools 
are available. 

 The PROTALL database was created in 2001 in the 
frame of  a European Union funded project (FAIR-CT98–
4356). The PROTALL database is now the basis of a new 
database, the InformAll, another European Union proj-
ect funded under the 5th Framework programme through 
the Quality of Life and Management of Living Resources 
Key Action. The aim of this project is to create a credible 
food allergy information source to be used by consumers, 
regulators and industry. The fi rst release of the database 
was in January 2005 and the fi nal release is expected to 
be completed by the end of 2005. Inclusion criteria and 
explanations on monograph sections are carefully de-
tailed on the web site. The InformAll database is based 
on allergenic source monographs, which allow identifi ca-
tion of the source. Pages dedicated to the identifi cation 
of allergenic molecules are linked in each source mono-
graph. They report exhaustive biochemical and clinical 

data, including characterized epitopes, in a text format 
resembling a peer reviewed paper. The InformAll focuses 
solely on food allergens with cross-citations to other non-
food allergens within monographs. A friendly interface 
eases the access to data. The development of computa-
tional tools is not planned within the InformAll project. 

 The Structural Database of Allergen Proteins (SDAP), 
fi rst released in 2001  [34] , is one of the most up-to-date 
and complete lists of allergen sequences. SDAP also in-
cludes identifi ed B epitopes from allergens. It includes all 
the IUIS allergens, which are marked, as well as allergen-
ic structures whose sequences are available in other pro-
tein databases. Some IgE-binding structures from para-
sites are listed as well. The database supplies a battery of 
powerful computational tools available from other web 
sites (FASTA, BLAST) or originally released by SDAP 
developers. These computational tools allow comparison 
of entire allergen sequences or their peptides against the 
SDAP database or external protein databases  [35] . The 
SDAP is the only allergen database listed in the annual 
database issue of  Nucleic Acids Research   [17] . 

 The AllergenOnline is a database created in 2002 with-
in the Food Allergy Research and Resource Programme. 
It collects sequences from food and nonfood allergens. 
Parasite IgE-binding proteins are listed as well. Non-IUIS 
allergens are included. The sequence database is released 
once a year. Computational tools available within this 
web site include a FASTA search for sequence homology 
and an original algorithm  [36]  was recently further imple-
mented with an 80 mer search. 

 The Allergome database was released in 2003. It is the 
sole dynamic database among those considered in the 
present review. Data are stored in archives. The original 
software allows retrieval of the last updated information 
immediately after it is saved in one of the archives and 
linked to an allergen  [20] . The aim of the Allergome da-
tabase is to collect basic and clinical information as well 
as data about any allergenic organism and its molecular 
structures capable of inducing an IgE-mediated disease 
in a single web-based resource. Each allergen described 
in the dynamic monograph includes data to identify the 
allergen by means of its updated nomenclature, the source, 
and the biochemical and immunochemical features by 
means of a number of given or linked information. Each 
monograph is comprehensively referenced. All IUIS al-
lergens are included and the Allergome database is up-
dated as soon as a new release of the IUIS list is on the 
web. Other data sources to keep the database up to date 
are the scientifi c literature, which is scanned on a daily 
basis, and sequence databases. In spite of this, authors 
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report that papers published earlier than 1987 are still not 
completely processed. Non-IUIS allergens are included 
in the Allergome database as well. IUIS allergens are 
marked and searches can be performed excluding non-
IUIS allergens. Allergome developers are attempting to 
provide the web site with a friendly interface to allow 
 users to easily access information. A powerful internal 
search engine allows the user to navigate within the web 
site without launching a new search each time. No com-
putational tools have been developed within the Aller-
gome web site. A collaborative study has been established 
with researchers working in a Swiss immunology depart-
ment who developed an original algorithm attempting to 
defi ne the allergenic nature of molecules on the basis of 
motif recognition  [37] . The motif discovery is now run 
every month by using updated lists of sequences from the 
Allergome database. The obtained motifs are then dis-
played in allergen monographs, and can be both searched 
and used for internal searches  [38] . In an attempt to im-
prove visualization of information in the database, an 
algorithm to generate a graph representing both sequence 
homology and IgE corecognition has been developed  [39] . 
This tool, the O-ring, can be activated within each aller-
gen monograph and dynamically scans the sequence ho-
mology and the IgE co-recognition sections to visualize 
allergen reciprocal relationships. 

 AllerPredict web site, released in 2003, is structured 
in cross-linked allergen monographs. Amino acid se-
quences are given for each molecule, as well as organism 
identifi cation and external links. Allergens in this data-
base do not seem to be  fully updated compared with the 
IUIS web list. The update is given for each monograph, 
and unless not clear from the information page, it seems 
to work in a dynamic-like way. Two computational tools 
are available. An original algorithm enables comparison 
of a sequence with the AllerPredict software. A BLAST 
search is provided as a second tool for comparative 
searches. 

 Allermatch and WebAllergen sites, both released in 
2004, are mainly dedicated to sequence comparison for 
allergenicity defi nition. Allermatch works on a database 
compiled on the basis of the allergen sequences available 
on Swissprot that is integrated with the IUIS list. The last 
update is given on the web site. WebAllergen is the last 
allergen database released on the web  [22] . The compiled 
allergen database was designed to include a dataset of al-
lergenic motifs. New sequences are compared with the 
motif set and with sequences lacking a motif recognition. 
The original software allows users to upload their own 
sequences. The software will produce a new set of motifs. 

Comparison can also be performed against the new motif 
set. 

 Another computational resource not available on the 
web but released in the last few years has been published 
 [40] . The Detection based on Automated Selection of Al-
lergen-Representative Peptides (DASARP) is a further 
attempt to defi ne the allergenicity of proteins based on a 
data set from other allergen databases and on a set of mol-
ecules considered by the authors to be devoid of aller-
genic activity  [40] . The DASARP is not directly available 
on the web, but authors may be contacted for allergenic-
ity assessment of specifi c protein sequences of interest. 
The full data set of allergenic proteins used in the study 
can be downloaded without restrictions. 

 Summarizing the current status and the trends in al-
lergen sequence databases, it must be said that with few 
exceptions they have been mainly set up for computa-
tional purposes related to defi nition of allergenicity rath-
er than to create general information resources for aller-
gology. 

   Literature Mining 

 The publication of an increasing number of original 
papers in scientifi c journals is both the cause and the ef-
fect of our knowledge in biomedicine. The most used on-
line resource for bibliography documentation, PubMed, 
from the National Center for Biotechnology Information 
(http://www.ncbi.nlm.nih.gov/) now hosts more than six-
teen million references from worldwide biomedical jour-
nals published during the last 50 years. There is a critical 
need for extraction, integration and management of in-
formation discovery and synthesis from these sometimes 
highly heterogeneous data  [41] . There is now a specifi c 
research fi eld dedicated to developing informatics tools 
for literature mining  [42] . These tools should allow us to 
summarize major themes and topics, evaluate large result 
sets quickly, and reveal trends and association in refer-
ences. The same time trend of biomedical publications is 
also observed in allergology.  Figure 3  reports the distribu-
tion of studies dealing with any aspect of allergenic mol-
ecule characterization and published in the last 40 years. 
The overall number of publications in this fi eld is now 
around 6,600, and solely in the fi rst 6 months of 2005 
more than 500 papers have already been published on 
any aspect of allergens. Due to the increase of the number 
of identifi ed allergens and their future use in clinical re-
search, the number of published papers is expected to 
considerably increase in the near future. At the moment 
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there are no specifi c tools, either literature databases or 
literature miners that are specifi c for the allergy fi eld. The 
analysis of current web-based resources shows that only 
two of the web sites listed in  table 1 , InformAll and Al-
lergome, report citations for each allergen to have an ev-
idence-based documentation of reported data. This way 
of presenting citations is not or only partially dynamic 
and does not offer a cross-sectional view of literature data. 
For instance, the graph in  fi gure 4  shows the unbalanced 
situation of experimental animal models using allergens. 
Studies using Gal d 2 (hen’s egg ovalbumin), an allergen 
with little clinical relevance, account for 3 out of 4 papers 
published in the fi eld. An evaluation of experimental an-
imal models on the basis of the immunopathogenic mech-
anism to be explored leads to further unbalanced use of 
this molecule, whether Gal d 2 is a relevant allergen in 
humans or not ( fi g. 4 ). To produce these two graphs, ref-
erences reported in each Allergome monographs had to 
be evaluated individually by keywording them on a sepa-
rate reference database. 

 The rapidly expanding fi elds of allergen knowledge is 
prompting us to develop new computational methods for 
managing, analyzing and visualizing literature data  [42, 
43] . This approach should contribute to optimizing the 
exploitation of scientifi c data by providing investigators 
and clinicians with an easy interface with complex and 
large literature resources. 

   Data Mining 

 There is a trend towards using the Internet for manag-
ing general medical information, and towards each indi-
vidual possessing his or her electronic medical or health 
record. Some American companies (i.e. www.medem.
com, www.medicalogic.com) are providing patient-cen-
tered web-based resources where personal health infor-
mation and data are acquired and stored. Data can be 
retrieved by any authorized person who thus has a com-
prehensive overview of a patient’s clinical history. This 
IT approach to medical data managing simplifi es and 
speeds up the interactions between patient and physician 
and reduces  health care costs for patients and healthcare 
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providers, and  errors  [44] . It is now evident that storage 
of this mass of information creates a mine of real time 
clinical data. For instance, the Medical Quality Improve-
ment Consortium (http://www.emr.msu.edu/) allows mem-
bers to access anonymous, patient de-identifi ed, pooled 
data for research. 

 In the genomic fi eld, various techniques have been de-
veloped that provide rapid, parallel surveys of gene ex-
pression patterns for hundreds or thousands of genes in 
a single assay. These transcriptional profi ling techniques 
produce a wealth of data that can be used to develop a 
more complete understanding of gene function, regula-
tion and interactions. Data mining of gene expression 
obtained from high-density microarray technology allows 
to store results from quantitative and simultaneous mon-
itoring of thousands of genes by means of high-through-
put assays, and generates a formidable mass of informa-
tion. The data accumulated in the last 10 years are now 
stored  [45]  and analyzed by means of different approach-
es  [46–48] . Allergies are the most common diseases world-
wide and allergen-based diagnostic and epidemiological 
data are available from studies published in scientifi c 
journals after research projects have been set up and car-
ried out. In an attempt to supply at least this information 
on allergenic molecules a static prevalence table is avail-
able in each Allergome monograph. Some prevalence 
data are reported for allergenic sources in the InformAll 
database in a text format. The use of IT in allergy data 
mining should be evaluated in the near future. Consider-
ing the source of data (skin test, IgE testing, provocation 
tests) great effort should be put in standardizing data 
source for data entry. Microarraying of highly purifi ed 
allergenic molecules to be used in fully automated labora-
tory systems should lead us to real-time managing of al-
lergy data. This could be the case very soon, at least for 
allergy diagnosis and epidemiology. A project to develop 
a web-based platform linked to the Allergome platform 
and called Real Time Monitoring of IgE sensitization 
(ReTiME) is going to be fi nalized in the forthcoming 
months. The ReTiME platform will allow uploading of 
raw diagnostic data from both in vivo   and in vitro   testing 
by any contributor worldwide. This should represent the 
fi rst attempt to apply IT to allergy data mining. 

   Future Directions and Conclusions 

 Molecular biology, nanotechnology and IT offer a 
great opportunity to adapt and transform the use of cur-
rently available tools including pioneering web-based da-

tabases. There are two opposite possibilities: to either in-
tegrate allergy data within general-purpose databases or 
to create specifi c dynamic allergy databases spanning the 
entire knowledge in the fi eld of the allergy. NCBI is a very 
well-known example of an integrated platform  [49] . 
Through the global NCBI search engine (http://www.
ncbi.nlm.nih.gov/gquery/gquery.fcgi) it is possible to re-
trieve information on the topic of interest at the same 
time from a platform of twenty-nine databases. It cer-
tainly is one of the most comprehensive free scientifi c 
resources on the web. As is the case for any general inte-
grated platform, it requires more time to select relevant 
information that is anyway linked to other cross-related 
data, often from completely different biomedical fi elds. 
Much of the available information from this source can 
be downloaded for further independent processing. A fur-
ther example of integration of data within the NCBI plat-
form is the genomic and proteomic data mining database 
called GEO (Gene Expression Omnibus; http://www.
ncbi.nlm.nih.gov/geo)  [45] . The GEO database facilitates 
effective mining and visualization of submitted genomic 
and proteomic data. 

 All these data are publicly available via the Internet, 
but none is specifi c to a biomedical branch. 

 Genomic analysis of allergenic sources generates a 
mass of data in the form of new allergenic structures to 
be classifi ed  [50–52] . An effort should be made to quick-
ly integrate these data, having at the same time a list of 
unique nonredundant allergens, with isoforms and vari-
ants listed as part of their unique representative molecule 
 [53] . This also represents a critical need for practical ap-
plication of experimental fi ndings. 

 Furthermore, a real integration should be reached with 
protein database to avoid overclassifi cation as allergens 
of nonallergenic molecules. This is increasingly occurring 
when a novel protein structure identifi ed from any organ-
ism is compared only for sequence homology to other 
proteins in these databases. This process, which often re-
sults in limited similarity leads to classifying as ‘potential’ 
allergens many structures without any clinical relevance. 
To overcome this trend, structure information should be 
more closely integrated with clinical data. Microarray-
based experiments measuring IgE by means of purifi ed 
native or recombinant molecules will add value in this 
direction. Combined information on a set of highly reli-
able allergen sequence should be available. These data 
sets should be publicly available. 

 Allergenicity should thus be evaluated using several 
tools  [23]  that can be obtained following the creation of 
powerful integrated databases storing sequences, biblio-
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graphy, and raw data. Computational tools have to be 
 applied to this dynamic mass of information to extract, 
interpret and visualize relevant new fi ndings. Data will 
have to be curated by experts to defi ne decision points. A 
critical aspect to be discussed is the business continuity 
of research groups responsible for allergen databases. As 
far as different users, such as clinicians, researchers, in-
dustries, authorities, institutions, are interested in main-
taining a robust and comprehensive database platform, 
linked to already existing databases, combined support 
from many subjects should be considered. 

 In conclusion, as in many other biomedical fi elds, to 
derive most benefi t from their work and further increase, 
organize, and manage the accumulated knowledge, scien-
tists involved in the fi eld of allergy should start using these 
specifi c and integrated new tools ( fi g. 2 ) for their research 
work in allergy and in clinical practice. 
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